Immunocomplex was detected by reaction with alkaline phosphatase substrate, nitro blue tetrazolium (NBT from BMB), bromo-chloro-indolyl-phosphate (BCIP) in 100 mmol/L Tris, pH 9.5, 100 mmol/L NaCI, 5 mmol/L MgCl2, and 40 nmol/L levamisole (Sigma) to block endogenous enzyme activity. The reaction was terminated by the addition of 20 mmol/L EDTA in PBS after 10 minutes of incubation.
In Situ Hybridization
Riboprobe was synthesized with an in vitro transcription system from Promega using 35S-CTP and 35S-UTP to label the probe initiated from the T7 RNA promoters of a 500-bp HincII-EcoRI (nt 1104-1584) fragment of human VCAM cDNA subcloned into pGEM3 vector. Pretreatment of frozen tissue sections was performed as previously described.20 Hybridization was performed at 54°C for 17 hours by addition of 8x 106 cpm/mL of riboprobe with prehybridization solution (10 mmol/L Tris, pH 8.0, 50% formaldehyde, 2.5 xDenhardt's, 0.6 mol/L NaCl, 1 mmol/L EDTA, 0.1% SDS, 500 gg/mL Escherichia coli tRNA, and 10 mmol/L DTT) and 10% dextran sulfate onto the tissue sections. Subsequently, the slides were rinsed to remove unbound probe and dehydrated gradually with ethanol as previously described before dipping in photoemulsion (Kodak Fig  3A) . On the other hand, in Ad.CMVlacZ-transfected veins, a striped, unidirectional pattern of blue staining of the luminal surface and uniform blue discoloration of the adventitial surface were apparent in the en block tissue (Fig 3B) . Positive signal was detected in cells of each layer of the vein wall, with a predominance in cells lining the luminal surface (Fig 3D) and in the adventitia (data not shown); no chromagen was apparent in the cells of veins infected with Ad.CBsVCAM (Fig 3C) . Examination of infected vein segments by transmission electron microscopy confirmed the presence of X-Gal chromagen in the cytoplasm of endothelial cells and medial smooth muscle cells of veins infected with Ad.CMVlacZ (data not shown).
Detection of sVCA.M Gene Expression by Immunohistochemical Staining and In Situ Hybridization
Cells expressing the mutant soluble adhesion molecule were detected by immunohistochemical staining. The immunofluorescence staining used in the in vitro studies was unsuitable for in vivo studies because of interference by autofluorescence from elastin in the extracellular matrix. Tissue sections were therefore probed with anti-VCAM antibody followed by alkaline phosphatase-conjugated secondary antibody. Gene expression was recognized by the presence of the characteristic brown staining of the enzyme reaction product. Whereas only a uniform background staining was observed in the control vein infected with Ad.CMVlacZ (Fig 4A) , vein graft segments infected with Ad.CBsV-CAM clearly stained positively, particularly in cells at the luminal surface (Fig 4B) . Because of the background of endogenous alkaline phosphatase staining (even in the presence of levamisole), it is difficult to determine whether sVCAM-expressing cells were present in the media or adventitia. In this study, efficient gene transfer was achieved using recombinant adenoviruses. In cell culture, endothelial cells incubated with Ad.CBsVCAM expressed sVCAM with a greater intensity than was achieved with TNF stimulation of wild-type VCAM expression, with an efficiency of almost 100%. Secretion of sVCAM by Ad.CBsVCAM-transduced cells was confirmed by analysis of conditioned medium. The feasibility of transfecting cells of a vein graft wall by ex vivo incubation was demonstrated using both Ad.CBsVCAM and Ad.CMVlacZ. Gene transfer and expression (ex vivo and in vivo) were achieved in porcine and human vein segments with incubation periods of as little as 1 hour, and very high levels of gene transfer were achieved with overnight incubation.
Cells expressing the introduced genes at the time of graft resection were predominantly those lining the internal and external surfaces of the vein segment, with relatively low levels of gene expression apparent in the media. By transmission electron microscopy, the endothelium appeared intact and well preserved. In vein segments infected with ad.CMVlacZ, X-Gal staining was evident in the cytoplasm of both endothelial cells and medial smooth cells adjacent to the lumen. Considerably greater gene transfer to the luminal surface might be possible by continuous irrigation and distension of the vein segment at physiological pressures. Importantly, expression of the introduced genes was not apparent in any organ system remote from the vein graft site.
The genes selected for the study were the bacterial lacZ gene, used as a control marker gene, and a mutant form of the human VCAM gene encoding a soluble form of the molecule. Previous studies in our 
